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Functional neuroimaging techniques such as positron emission tomography (PET) 
and functional magnetic resonance imaging (fMRI) allow us to monitor the brain activity 
associated with encoding and retrieval separately and to identify the brain regions 
commonly activated during encoding and retrieval.  However, to date, only a relatively 
small number of neuroimaging studies have directly assessed whether the neural activity 
elicited during encoding is reactivated during retrieval of the encoded information1-5). 
The results of the previous studies indicate that some of the association cortices 
activated during encoding are also activated (reactivated) during retrieval.  With regard to 
the reactivation of the MTL structures, the results of previous studies remain controversial. 
Since there are various constituents of the content of an event, it is worthwhile investigating 
what circumstances lead to overlapping activation in the MTL and other association 
cortices during both encoding and retrieval. 
The present study further examined the reactivation hypothesis within the same 
sensory modality (i.e., visual modality) by investigating the encoding and retrieval of color 
information using PET.  Specifically, the research question was whether overlapping 
activity would be found in both the MTL and color-related cortical regions during the 
encoding and retrieval of color information attached with meaningless shapes.  In most 
previous imaging studies relevant to the reactivation hypothesis, meaningful stimuli were 
used.  In the present study, completely arbitrary associative memory tasks between 
meaningless shapes and colors were applied to avoid potential confounding of preexisting 
binding between constituents of the memory content. 
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Subjects were presented with 20 stimuli (random shapes for the two encoding and 
two retrieval conditions).  Stimuli were presented on a black background on a display 
controlled by a Windows computer.  List A (20 colored random shapes) was presented in 
one encoding condition (EC; encoding of colored shapes), and list B (20 white random 
shapes) in the other (EW; encoding of white shapes).  During the two encoding conditions, 
subjects were asked to press a button with the index finger of their left hand as soon as the 
stimuli were presented and to memorize the shapes and colors of the stimuli.  To boost 
subsequent retrieval, each encoding condition was repeated five times and only the first 
encoding condition was scanned with PET.  List C (14 random shapes which were red or 
green at encoding, 3 random shapes which were white at encoding, and 3 unstudied random 
shapes) was presented in one retrieval condition (RC; retrieval of colored shapes), and list 
D (14 random shapes which were white at encoding, 3 random shapes which were red or 
green at encoding, and 3 unstudied random shapes) was presented in the other (RW; 
retrieval of white shapes). During 80-second PET data acquisition, 14 shapes which were 
colored at encoding, one shape which was white at encoding, and one new shape were 
presented in RC, and 14 shapes which were white at encoding, one shape which was green 
at encoding, and one new shape were presented in RW (see Fig. 1).  
Regional cerebral blood flow (rCBF) was measured using PET (SET2400W 
Shimadzu, FWHM 4.0 mm) and 15O-labeled water (approximately 180 MBq for each 
injection).  The transaxial sampling field of view (FOV) was 256 mm, and the axial FOV 
was 190 mm.  The thickness of the slices measured was 3.125 mm. Each task started 10 
seconds before PET data acquisition, and lasted 100 seconds.  PET data acquisition lasted 
80 seconds.  A transmission scan was followed by the experiment, and the data were used 
to obtain corrected emission images.  A T1-weighted MRI scan (1.5T) was performed on a 
separate occasion for coregistration. 
The data were analyzed with Statistical Parametric Mapping (SPM2) (Wellcome 
Department of Imaging Neuroscience, UK).  All rCBF images acquired from each subject 
were realigned to correct for small movements occurring between scans.  This process 
generated an aligned set of images and a mean image per subject.  A T1-weighted 
structural MRI was coregistered to this mean PET image.  Then the coregistered T1 image 
was normalized to the Montreal Neurological Institute (MNI) templates implemented in 
SPM2.  The parameters from this normalization process were applied to each PET image. 
The PET images were reformatted to isometric voxels (2×2×2 mm3) and smoothed with a 
Gaussian kernel of FWHM of 10 mm.  The rCBF-equivalent measurements were adjusted 
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to a global CBF mean of 50 ml/dl/min.  Contrast of the condition effect of each voxel was 
assessed using t-statistics, resulting in a statistical image (SPMt transformed into an SPMz).  
In both standard pairwise contrasts (i.e., EC vs. EW and RC vs. RW) and a cognitive 
conjunction analysis (i.e., EC vs. EW conjunct with RC vs. RW)6), the threshold of 
significance was set at p < 0.001 (uncorrected for multiple comparisons).  To reduce the 
possibility of false-positive results (Type 1 errors), we regarded clusters of 25 or more 
voxels as significant.  
First, EC was compared with EW.  This contrast showed brain activations in the 
bilateral occipital region, the left supramarginal gyrus, the left superior frontal gyrus, and 
the left putamen.  Second, RC was compared with RW.  RC, relative to RW, was 
associated with activations in the right lingual gyrus and the left middle occipital gyrus.  
Finally, to determine whether brain regions activated during encoding were reactivated at 
retrieval, we used a conjunction analysis (EC vs. EW conjunct with RC vs. RW).  This 
analysis revealed that the right parahippocampal gyrus, the right lingual gyrus, the right 
inferior occipital gyrus, and the left putamen were active in both the encoding contrast and 
the retrieval contrast (Table 1 and Fig. 2). 
The results showed that overlapping activity was found in the MTL and the 
occipital lobe (the lingual and inferior occipital gyri) in the right hemisphere during the 
encoding and retrieval of meaningless shapes with color information compared with those 
without color information.  In EC all stimuli were colored shapes, and in EW all stimuli 
were white shapes.  By contrast, in both of the retrieval conditions (RC and RW) all 
stimuli were white shapes.  Therefore, encoding-related activations probably reflect the 
on-line processing of color information from the external world (i.e., the process of actual 
color perception) and binding it with shapes, whereas retrieval-related activity could not be 
attributed to the on-line processing of color information from the external world but rather 
to the process of retrieval of color information from the recognized shapes.  Hence, this 
finding supports the reactivation hypothesis that postulates that the retrieval of specific 
event information is associated with the reactivation of both the MTL structures and regions 
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Region (Brodmann's Area) Z value Cluster size
x y z
R parahippocampal gyrus (BA28) 18 -22 -16 3.68 25
R lingual gyrus (BA18) 18 -88 -6 4.12 83
R inferior occipital gyrus (BA18) 34 -88 -16 4.45 58
L putamen -30 10 0 3.78 36
MNI coordinates
EC: encoding of colored shapes condition; EW: encoding of white shapes condition; 





























Figure 1.  The experimental design, which involved two encoding conditions (EC and EW) and two retrieval 
conditions (RC and RW).  In the encoding conditions, subjects were asked to learn the shapes and colors of 
20 stimuli.  In the retrieval conditions, subjects were asked to judge whether the stimuli had been presented 
with red, green, or white, or had not been presented at the encoding conditions. Note that all stimuli in the 
retrieval conditions were presented with white.  EC, encoding of colored shapes condition; EW, encoding of 







Figure 2.  Brain activations common to the encoding and retrieval of color information (EC vs. EW conjunct 
with RC vs. RW).  The activations are superimposed onto MRIs of Montreal Neurological Institute (MNI) 
templates. (a) Right lingual gyrus (18, -88, -6), right inferior occipital gyrus (34, -88, -16). (b) Right 
parahippocampal gyrus (18, -22, -16). 
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